It has been established that cancer can be promoted and/or exacerbated by inflammation and infections. Indeed, chronic inflammation orchestrates a tumor-supporting microenvironment that is an indispensable participant in the neoplastic process. The mechanisms that link infection, innate immunity, inflammation, and cancer are being unraveled at a fast pace. Important components in this linkage are the cytokines produced by activated innate immune cells that stimulate tumor growth and progression. In addition, soluble mediators produced by cancer cells recruit and activate inflammatory cells, which further stimulate tumor progression. However, inflammatory cells also produce cytokines that can limit tumor growth. Here we provide an overview of the current understanding of the role of inflammation-induced cytokines in tumor initiation, promotion, and progression.
data support the notion that acute inflammation triggered by tumor-infiltrating host leukocytes does not exert normal immunoprotective mechanisms that lead to eradication of the evolving cancer (antitumor immunity). Instead, excessively and chronically produced proinflammatory mediators are thought to contribute to tumor promotion and progression (2, 8, 14, 15) . In the tumor microenvironment, there is a delicate balance between antitumor immunity and tumor-originated proinflammatory activity, which weakens antitumor immunity (14, 16) . These activities depend on different mediators that are released by host inflammatory cells, cancer cells, and other types of tumor-associated host cells (such as fibroblasts and endothelial cells). When host-mediated antitumor activity is weaker than tumor-mediated immunosuppressive activity, tumor cells undergo immune escape and grow rapidly (17) . By contrast, when host-mediated antitumor immunity is stronger than tumor-mediated immunosuppressive activity, tumor cells are eliminated (17) . The net outcome of a persistent inflammatory microenvironment is enhanced tumor promotion, accelerated tumor progression, invasion of the surrounding tissues, angiogenesis, and often metastasis (2, 6, 9, 10) .
A key molecular link between inflammation and tumor promotion and progression is provided by the inhibitor of NF-kB kinase/ NF-kB (IKK/NF-kB) signaling pathway, which is activated by many proinflammatory cytokines (9, 10) . NF-kB is a transcription factor that regulates the expression of many genes whose products can suppress tumor cell death; stimulate tumor cell cycle progression; enhance epithelial-to-mesenchymal transition, which has an important role in tumor invasiveness; and provide newly emerging tumors with an inflammatory microenvironment that supports their progression, invasion of surrounding tissues, angiogenesis, and metastasis (6, 10, (18) (19) (20) .
Infection, innate immunity, and tumorigenesis
Chronic inflammation caused by persistent infection with a parasite, bacterium, or virus is a major driving force in tumor development (2, 9) (Figure 1 ). It was noted that bacterial infection following the surgical removal of primary tumors can promote rapid growth of metastases in mice (21) and humans (22) . Infectious organisms trigger inflammation through activation of receptors that recognize pathogen-associated molecular patterns (PAMPs), such as cell wall components and nucleic acids (23) . At least four families of mammalian innate immune receptors that recognize PAMPs have been identified; these are known as pattern recognition receptors (PRRs) and include TLRs, nucleotide-binding oligomerization domain-like (NOD-like) receptors (NLRs), C-type lectin receptors (CLRs), and triggering receptors expressed on myeloid cells (TREMs) (24) (25) (26) (27) . The interaction between PAMPs and PRRs results in the activation of inflammatory cells and initiation of host responses whose major purpose is to eliminate and kill invading organisms (9) . However, inadequate pathogen eradication, prolonged inflammatory signaling, and defects in antiinflammatory mechanisms can all lead to chronic inflammation and benefit tumor development (28) .
In addition to epidemiological data linking chronic infections to increased cancer risk (2, 3, 29) , genetic links between PRRs and cancer also exist. Polymorphisms in a gene cluster encoding TLR6 and TLR10 have been linked to an increased risk of prostate cancer (30) , and mutations in the NOD2 locus have been linked to an increased risk for developing Crohn disease (31) , an IBD associated with a modestly increased risk of developing colorectal cancer (32) . These mutations in NOD2 have been suggested to provide a gain-of-function that results in increased IL-1β production, which makes the environment more proinflammatory (33) . Interestingly, polymorphisms in the promoter region of the gene encoding IL-1β and the gene encoding the IL-1 receptor antagonist (IL-1RA) have also been linked to an increased risk of developing cancer, in particular gastric cancer (34, 35) . IL-1 is abundant at tumor sites, where it can stimulate the growth and invasiveness of malignant cells (36) . Inhibition of IL-1 function using the naturally occurring inhibitor of IL-1, IL-1RA, might be useful for the treatment of cancer (37) .
Activation of TLR signaling can enhance tumor development through various mechanisms. In a mouse model of transplanted metastatic cancers, activation of TLR4 by intraperitoneal injection of bacterial LPS stimulated the growth of lung metastases (21, 38, 39) . TLR4 activation of host macrophages resulted in the production of several different inflammatory cytokines that influenced tumor growth. TNF-α was identified as the major host-produced factor that enhances the growth of lung metastases in this mouse model, in part through activation of NF-kB in the tumor cells (39) . However, TLR4 signaling also induced the production of IFNs, cytokines that have antitumor effects (39) . In this particular case, IFNs were found to stimulate production of the TNF superfamily member TNF-related apoptosis-inducing ligand (TRAIL) (39) . TRAIL is a potent inducer of tumor cell death (40) , but in this mouse model of transplanted metastatic cancer, its tumoricidal activity was evident only upon inhibition of NF-kB activity in the tumor cells (39) . These results illustrate that activation of innate immunity results in the production of different cytokines with opposing activities (Figure 2 ) - TNF-α stimulated tumor cell growth and survival, whereas TRAIL induced tumor cell death, leading to tumor regression. However, only by inhibiting NF-kB activation in the tumor cells was the balance shifted from stimulation of tumor growth by TNF-α to enhanced tumor cell killing by TRAIL (39) .
TLR expression and function are not restricted to innate immune cells and can directly affect the tumor cell. For example, multiple myeloma (MM) cells frequently express multiple TLRs and can thereby sense the presence of microorganisms (41, 42) . Indeed, ligands for both TLR7 and TLR9 have been shown to stimulate the growth of MM cells and to protect these cells from apoptosis (41) . This finding could explain why recurrent infections promote the progression of MM (41) .
This Review focuses on the role of various cytokines produced by innate immune cells on tumor development and progression. The cytokines to be discussed include TNF-α, TRAIL, IL-6, IL-17, IL-12, IL-23, IL-10, and TGF-β ( Figure 2 ). As mentioned above, these cytokines can promote and/or inhibit tumor development. The involvement of chemokines in chronic inflammation-associated tumor progression will not be covered in this Review.
TNF-α
The critical role of TNF-α in chronic inflammatory diseases is well established (43) , and its tumor-promoting effects have been demonstrated (44) . TNF-α produced by tumor cells or inflammatory cells in the tumor microenvironment can promote tumor cell survival through the induction of genes encoding NF-kB-dependent antiapoptotic molecules (39) (Figures 2 and 3 ). In asbestos-induced human malignant mesothelioma, macrophages phagocytose asbestos and then release TNF-α. This TNF-α promotes cell survival and thereby reduces asbestos-induced cytotoxicity, increasing the pool of asbestos-damaged mesothelial cells that are susceptible to malignant transformation (45) . TNF-α has also been proposed to contribute to tumor initiation by stimulating the production of genotoxic molecules, that is, molecules that can lead to DNA damage and mutations, such as NO and ROS (4). Genetic polymorphisms that enhance TNF-α production are associated with increased risk of MM, bladder cancer, hepatocellular carcinoma (HCC), gastric cancer, and breast cancer, as well as poor prognosis in various hematological malignancies (44) . Other actions of TNF-α that might enhance tumor progression, as opposed to tumor initiation, include promotion of angiogenesis and metastasis, as well as impairment of immune surveillance by strongly suppressing many T cell responses and the cytotoxic activity of activated macrophages (46) .
Studies have suggested a role for keratinocyte-produced TNF-α in mouse models of skin carcinogenesis (47, 48) . Skin cancer induction by administration of the carcinogen 7,12-dimethylbenz[a]anthracene (DMBA) and tumor promoters results in much higher tumor incidence in TNF-α-sufficient mice than TNF-α-deficient mice (47) . Reduced tumorigenesis was also found in mice deficient in both the TNF-α receptors TNFR1 and TNFR2 (48) . A tumor-promoting role for TNF-α has also been found in cholestatic liver cancer, which develops as a result of chronic liver inflammation in mice lacking the drug and phospholipid transporter MDR2 (49) . Treatment with TNF-α-specific neutralizing antibody during the tumor promotion stage resulted in apoptosis of transformed hepatocytes and a failure to progress to HCC. An important role for TNF-α in the promotion phase of HCC has also been suggested (50) . In that study, TNF-α expression was upregulated during liver stem cell proliferation induced by a choline-deficient and ethioninesupplemented diet. Liver stem cell proliferation and tumorigenesis were found to depend on TNFR1. Yet another study has indicated that TNF-α signaling is crucial for promoting liver metastasis of a colon adenocarcinoma line (51) . In another tumor transplantation model of cancer, LPS administration to tumor-bearing mice induced production of TNF-α and stimulated metastatic tumor growth in the lung (39) . Taken together, proinflammatory TNF-α released by host and tumor cells is an important factor involved in initiation, proliferation, angiogenesis, and metastasis of various types of cancers.
TRAIL
The TNF superfamily member TRAIL can bind five different receptors, two of which, death receptor 4 (DR4) and DR5, have cytoplasmic death domains that deliver caspase-dependent apoptotic signals to the cell on which they are expressed (52).
Figure 2
Signal transduction pathways and major biological responses of inflammation-modulating cytokines in cancer. The signaling pathways shown can control tumor development through a direct effect on tumor cells (e.g., NF-kB, STAT3, and caspases) and/or an indirect effect on immune and endothelial cells (e.g., NF-kB, STAT3, STAT4, and SMAD). DR4, death receptor 4; FADD, Fas-associated death domain; gp130, glycoprotein 130; TRADD, TNF receptor-associated death domain protein; TRAF2, TNF receptor-associated factor 2; TYK2, tyrosine kinase 2.
TRAIL is mainly produced by activated T cells and NK cells and is one of the major mediators of antitumor immunity. Unlike TNF-α, TRAIL is able to induce apoptosis in various tumor cell types but has only negligible effects on normal cells (Figure 2 ) (52). TRAIL-deficient mice or mice treated with TRAIL-specific neutralizing antibody exhibit increased susceptibility to experimentally induced and spontaneous tumors (53) , suggesting an important role for endogenous TRAIL in tumor surveillance. When T cells are rendered TRAIL deficient, a much weaker graftversus-tumor effect was observed (54) . However, not all tumor cells are TRAIL sensitive, and NF-kB activation through TNF-α or other pro-survival factors confers on the tumor cells resistance to TRAIL-mediated cytotoxicity (39) . Therefore, full realization of the antitumor activity of TRAIL requires inhibition of NF-kB in the tumor cell or neutralization of NF-kB-activating, tumor-promoting cytokines, such as TNF-α.
IL-6
IL-6 is a potent pleiotropic inflammatory cytokine that is considered a key growth-promoting and antiapoptotic factor (55) . The IL-6 receptor complex is a heterodimer consisting of IL-6Rα and glycoprotein 130 (gp130), the latter of which is responsible for signal transduction (56) . Activation of gp130 triggers phosphorylation of the STAT proteins STAT1 and STAT3 by JAK1 (Figure 2 ). STAT3 has a predominant role in IL-6 signal transduction, and its roles in malignant cell proliferation and survival have been well documented. By contrast, STAT1 inhibits tumor cell growth (56) . JAK-mediated STAT tyrosine phosphorylation allows dimerization, nuclear translocation, and activation of specific target genes (57) . Most IL-6 target genes are involved in cell cycle progression and suppression of apoptosis, which underscores the importance of IL-6 in tumorigenesis (58) .
IL-6 is suggested to have a pivotal role in the pathogenesis of Kaposi sarcoma (59) and MM (60) . Recent studies also suggest an association between circulating IL-6 and elevated risk of developing Hodgkin lymphoma (61) . Furthermore, a promoter polymorphism study suggests that IL6 is a predisposing genetic factor that contributes to breast cancer prognosis, with a G/C polymorphism within the promoter region of the IL6 gene that is associated with high levels of IL-6 production correlating with a worse prognosis (62) . Clear evidence that IL-6 governs the growth of MM, a malignant disorder of plasma cells, has come from studies using Il6 -/-mice, which were found to be resistant to plasmacytoma induction (63) . In MM, IL-6 is produced by stromal cells in the bone marrow, and its synthesis by these cells can be further enhanced by their interaction with malignant plasma cells (64) . Furthermore, in response to infection-activated TLR signaling, MM cells also produce IL-6, which promotes their growth in an autocrine manner (41) . New IL-6 antagonists are being evaluated for treatment of MM (65) .
IBD is associated with high concentrations of IL-6 (32). Antibody-mediated inhibition of IL-6 signaling retarded development of chemical-induced colitis-associated colon cancer (CAC) (66) . CAC development can also be retarded by deleting the gene encoding IKKβ in myeloid cells, a process that is known to interfere with IL-6 production during early carcinogenesis (67) . Importantly, deletion of the gene encoding IKKβ in myeloid cells and inhibition of IL-6 signaling decrease tumor size (66, 67) , suggesting that IL-6 is mostly responsible for stimulation of tumor growth in these models of cancer (Figure 3) .
In addition to classic IL-6 signaling, secretion of soluble IL-6 receptor (sIL-6R) can trigger IL-6 trans-signaling and is critically involved in the development of colon cancer (68) . In this disease, it has been suggested that shedding of sIL-6R from adenocarcinoma cells contributes to T cell survival and enhances the production of more IL-6 by T cells (66) . Such findings suggest that IL-6 antagonists might be useful prophylactically or therapeutically for the treatment of humans with CAC. A recent study further demonstrated a novel form of IL-6 signaling. In MM cells that express high levels of IL-6Rα, IL-6Rα and the IGF1 receptor are recruited to lipid rafts following exposure of the cells to IL-6 (69). This facilitates hetero-oligomerization of both receptors and leads to JAK-independent activation of AKT, presumably via the IGF1 receptor (69) . This type of cross-talk might provide a means for JAK-independent IL-6 signaling in tumor cell survival.
IL-17
Recently, a new T cell subset named "Th17," characterized by the production of IL-17, was identified as an important player in inflammatory responses (Figure 3) (70) . The production of IL-17 relies on STAT3 activation triggered by IL-23 (71) . IL-17 induces the recruitment of immune cells to peripheral tissues, a response that requires NF-kB activation after IL-17 receptor engagement (Figure 2) (72, 73) . IL-17 also leads to the induction of many proinflammatory factors, including TNF-α, IL-6, and IL-1β, suggesting an important role for IL-17 in localizing and amplifying inflammation (74) (75) (76) . Furthermore, TNF-α and IL-6, which are both produced by Th17 cells, not only support Th17 cell development but also synergize with IL-17 to enhance the production of proinflammatory mediators (76) .
Several studies have begun to address the role of IL-17 in chronic inflammation and cancer (72) . IL-17-overexpressing human cervical cancer cells and non-small cell lung carcinoma (NSCLC) cells show substantially greater ability to form tumors in immunocompromised mice compared with control cells not overexpressing IL-17 (77, 78) . Similarly, IL-17 overexpression in fibrosarcoma cell lines enhances their tumorigenic growth in C57BL/6 mice (79). This tumor-promoting effect has mainly been attributed to the proangiogenic activity of IL-17 (77, 78) . In primary NSCLC samples, IL-17 expression has frequently been detected in tumor-infiltrating inflammatory cells and was associated with increased tumor vascularity (78) . However, enhanced cervical cancer growth elicited by IL-17 was associated with increased expression of IL-6 and macrophage recruitment to the tumor sites (77) . Therefore, IL-17 might also function through IL-6 to promote tumor development. A potential role for IL-17 in promoting human cervical cancer is suggested by its frequent expression in patients whose tumors show CD4 + T cell infiltration (77) .
However, there is also evidence that IL-17 might be involved in tumor surveillance in immunocompetent mice (80) . Therefore, current studies of the role of IL-17 in tumor development are still limited. Undoubtedly, it is necessary to determine whether the dominant function of IL-17 is in tumor promotion or tumor surveillance, and critical evaluation in appropriate mouse models of cancer using genetically altered animals lacking specific IL-17 or IL-17 receptor isoforms should address this issue.
IL-12 and IL-23
IL-12 and IL-23 belong to the IL-12 family of proinflammatory heterodimeric cytokines and are composed of IL-12p40/IL-12p35 and IL-12p40/IL-23p19 subunits, respectively (81) . They are mainly produced by activated APCs and accessory cells such as DCs and phagocytes (82) . The receptors for these cytokines are also heterodimeric -IL-12 binds an IL-12Rβ-IL-12Rβ2 heterodimer, whereas IL-23 binds an IL-12Rβ1-IL-23R heterodimer (Figure 2 Endogenous IL-12 is important for host resistance to tumors; the antitumor activity of IL-12 has been extensively reported in mouse models of cancer, where it has been shown to inhibit tumorigenesis and induce regression of established tumors (82) . The major antitumor activities of IL-12 rely on its ability to promote Th1 adaptive immunity and CTL responses (Figure 3 ) (82) . IFN-γ produced by naive Th cells also contributes to the antitumor activity of IL-12. IFN-γ has both a direct toxic effect on cancer cells and antiangiogenic activity (82) . The use of IL-12 in cancer therapy, however, is hindered by severe toxic side effects, primarily because of the extremely high levels of IFN-γ that it induces (82) .
Although IL-23 can enhance the proliferation of memory T cells and the production of IFN-γ and IL-12 by activated T cells (83) , it can also drive Th17-mediated responses, induce IL-17 production, and promote end-stage inflammation (Figure 3) (71) . Therefore, IL-23 can exert effects similar to those of IL-17. Moreover, IL-23 might function in an autocrine manner to induce the production of TNF-α by macrophages and IL-12 by DCs (83) . Immunization of Il23p19 -/-mice with collagen results in fewer IL-17-producing T cells and limits the upregulation of IL-6 and TNF-α (84). Animal studies have so far revealed contradictory effects of IL-23 on tumor growth (85) (86) (87) . Resistance to skin tumor formation in response to chemical carcinogenesis was observed in Il23p19 -/-mice (85). Moreover, the growth of transplanted tumors was restricted in hosts deficient in IL-23 or IL-23R (85) . In this study, it was shown that, along with having an effect on tumor growth, IL-23 signaling results in upregulation of MMP9, increased angiogenesis, and decreased recruitment of CD8 + T cells to tumors. Therefore, IL-23-mediated inflammatory processes might provide a tumorpromoting microenvironment (85) . However, in other studies, mice inoculated with IL-23-transduced tumor cells displayed increased tumor rejection, but this effect was only observed at very late time points after tumor inoculation (86, 87) ; CD8 + T cells had an important role in this IL-23-mediated antitumor activity (87).
IL-10
Another cytokine that activates STAT3 is IL-10 ( Figure 2) (57) . However, the effects of IL-10 are dramatically opposed to those of IL-6, as IL-10 is immunosuppressive and antiinflammatory (88) . IL-10 inhibits NF-kB activation through ill-defined mechanisms (89, 90) and consequently inhibits the production of proinflammatory cytokines, including TNF-α, IL-6, and IL-12 (91) . Given this, it is no wonder that IL-10 inhibits tumor development and progression (Figure 3) . The most striking effects of IL-10 are seen in Il10 -/-mice, which are more prone to colonic inflammation and CAC when chronically infected with certain enteric bacteria, such as Helicobacter hepaticus (92, 93) . When newborn Il10 -/-mice were treated with exogenous IL-10, they failed to develop any signs of intestinal inflammation or CAC (92) .
Recent studies emphasize an essential link between IL-10-dependent antitumor activity and CD4 + CD25 + Tregs (Figure 3 ) (94) (95) (96) (97) . In mice lacking RAG2, which lack functional lymphocytes, infection with H. hepaticus leads to colonic inflammation and adenocarcinoma, whereas infection of wild-type mice does not lead to these pathologies, suggesting that lymphocytes are required for preventing colonic inflammation (94) . Accordingly, adoptive transfer of wild-type Tregs into Rag2 -/-hosts prevents H. hepaticus-induced colon cancer (94, 95) . A similar adoptive transfer of Tregs from H. hepaticus-free Il10 -/-mice into Rag2 -/-hosts demonstrated that IL-10 released by Tregs is needed for maintaining homeostasis of mucosal immune responses and for inhibition of IBD, dysplasia, and colon cancer (95, 96) .
The IL-10-mediated antitumor activity of Tregs has also been observed in Apc Min/+ mice, which have a germline multiple intestinal neoplasia (Min) mutation in one of their adenomatosis polyposis coli tumor suppressor genes and therefore develop intestinal adenomas (97) . Transfer of wild-type Tregs into Apc Min/+ mice prevents the development of adenomas and induces the rapid regression of established tumors, whereas transfer of Il10 -/-Tregs fails to exert such effects (97) . Decreased TNF-α and IFN-γ expression in mice receiving wildtype Tregs was also noticed (97) . Glioma-specific CD4 + T cells have also been shown to require IL-10 for antitumor activity (98) , and in xenograft studies, expression of IL-10 in melanoma or mammary or ovarian carcinomas resulted in antitumor effects (99, 100) .
The mechanisms responsible for IL-10 inhibition of colitis are not completely clear but might be linked to its ability to counteract IL-12-driven inflammation (95, 101) or its ability to inhibit NF-kB activation (Figure 3) (89, 90) . Indeed, enhanced IL-12p40 production by immune cells is a key feature of colonic inflammation in Il10 -/-mice (101), and absence of IL-10-induced STAT3 activation was suggested to enhance NF-kB recruitment to the Il12p40 promoter (90) . Suppression of TNF-α and IL-12 release by DCs and macrophages might also contribute to the antitumor activity of Tregs and IL-10 (102). However, it is not clear how STAT3 activation by IL-10 results in an antitumor effect, whereas STAT3 activation by IL-6 is considered to be pro-tumorigenic. More recent studies also suggest that IL-10 possesses immunostimulatory activity that enhances antitumor immunity (103, 104) .
IL-10 has also been shown to modulate apoptosis and suppress angiogenesis during tumor regression (105, 106) . Expression of IL-10 in mammary and ovarian carcinoma xenografts inhibits tumor growth and spread (100, 105) . One mechanism by which IL-10 inhibits tumor growth was suggested to depend on downregulation of MHC class I expression, leading to enhanced NK cell-mediated tumor cell lysis (105) . Inhibition of the tumor stroma was suggested to contribute to the antiangiogenic activity of IL-10 (106). The ability of IL-10 to downregulate VEGF, TNF-α, and IL-6 production by TAMs might also account for its inhibitory effect on the tumor stroma (99) .
Although IL-10 usually exerts antitumor activity, its biological effects are not all that simple, and consistent with its ability to activate STAT3, it might also promote tumor development (Figure 2 ). Direct effects of IL-10 on tumor cells that might favor tumor growth have been reported. For example, an IL-10 autocrine and/or paracrine loop might have an important role in tumor cell proliferation and survival (107) . The basis for this effect is primarily STAT3 activation, leading to upregulation of antiapoptotic genes such as BCL-2 or BCL-X L (107, 108) . In addition, expression of IL-10 by tumor cells and TAMs is thought to promote the development of Burkitt lymphoma through the production of the TNF family member BAFF, which promotes B cell and lymphoma survival (109) . An elevated amount of IL-10 in the plasma has been correlated with poor prognosis in diffuse large B cell lymphoma patients (110) . A role for IL-10 in the progression of B cell malignancies is also seen in Il10 -/-mice, in which B cell tumors grow more slowly (111) . In a B16-melanoma xenograft model, IL-10-transfected cancer cells form more vascularized tumors and exhibit further growth (112) . In addition to direct growth modulation of cancer cells, the ability of IL-10 to suppress adaptive immune responses has also been suggested to favor tumor escape from immune surveillance (104) .
In summary, IL-10 has complex effects on tumor development. In many experimental systems, IL-10 is found to exert antitumor activity, but in other cases it can be pro-tumorigenic. These dramatically opposing effects of IL-10 might depend on interactions with either cytokines or factors found in the tumor microenvironment, as it is unlikely that IL-10 functions in isolation. A better understanding of IL-10 signaling is needed before its effects on tumor growth and antitumor immunity can be fully explained.
TGF-β TGF-β, like IL-10, is not only a powerful pleiotropic immunosuppressive and antiinflammatory cytokine but also a central regulator in Treg proliferation and function (Figure 3) (113-115) . TGF-β signals mainly through activation of SMAD transcription factors, but it also leads to MAPK activation (Figure 2) (116, 117) . Defective TGF-β signaling due to mutational inactivation of the type 2 TGF-β receptor (TβRII) has been found to occur frequently in human colon cancer (118, 119) , where TGF-β potently inhibits the growth of colon epithelial cells (117) . Such mutations occur at the adenoma-to-carcinoma transition or at a later stage, indicating that the tumor suppressor effect of TGF-β is mainly critical at late stages of colon carcinogenesis (120) . In addition to direct tumor suppressor activity on colon epithelial cells and antiinflammatory effects on T cells, TGF-β has been implicated in Treg-mediated suppressive activity (114) . SMAD3 is a key mediator of the antiinflammatory and immunosuppressive activities of TGF-β in the colon (121) . Accordingly, both TGF-β1- and SMAD3-deficient mice exhibit increased colon carcinogenesis that depends on the presence of certain enteric bacteria, possibly H. hepaticus (122, 123) ; germ-free Tgfb1 -/-and Smad3 -/-mice do not develop colon cancer when H. hepaticus is no longer present (122, 123) . Interestingly, TGF-β signaling prevents the release of IL-6 from Th1 cells during the late stages of CAC and therefore functions to control tumor growth (66) . Conversely, IL-6-activated STAT3 signaling counteracts the TGF-β-mediated cytostatic effect through induction of inhibitory SMAD7 (124) .
Despite its pronounced antiinflammatory activity and growth inhibition of early tumor cells, TGF-β might also enhance tumor progression. Carcinomas often secrete excess TGF-β and respond to it by enhanced epithelial-to-mesenchymal transition, tissue invasion, and metastasis (117) . Such invasive action of TGF-β has been well documented in mouse models of skin carcinomas (117) . In addition, both TGF-β-induced changes in the microenvironment, to favor angiogenesis, and inhibition of tumor-specific CD8 + T cells promote tumor development (Figure 3) (117, 125) . In summary, the complex role of TGF-β in tumor suppression and progression might be stage and cancer cell type dependent.
Conclusions
The evidence reviewed in this Review demonstrates that activation of innate immunity and inflammation results in the production of cytokines that can either stimulate or inhibit tumor growth and progression. By and large, most proinflammatory cytokines produced by either host immune cells or tumor cells themselves promote tumor development. By contrast, proapoptotic (TRAIL) and antiinflammatory (IL-10 and TGF-β) cytokines usually interfere with tumor development. These findings provide a unique therapeutic opportunity based on selective interference with the action of proinflammatory and tumor-promoting cytokines while enhancing the activity of proapoptotic and antiinflammatory cytokines. In addition to selective modulation of cytokine signaling, interfering with NF-kB activation in tumor cells can further prevent the pro-survival and growth-promoting effects of proinflammatory cytokines such as TNF-α and render the cancer cells more susceptible to elimination by proapoptotic cytokines such as TRAIL.
